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Purpose	
Legionella pneumophila pneumonia is a life-threatening, environmentally acquired infection identifiable
via Legionella urine antigen tests (LUAT). We aimed to identify cumulative incidence, demographic
distribution, and undetected disease outbreaks of Legionella pneumonia via positive LUAT in a single
eastern Wisconsin health system, with a focus on urban Milwaukee County.
Methods	A multilevel descriptive ecologic study was conducted utilizing electronic medical record data from a
large integrated health care system of patients who underwent LUAT from 2013 to 2017. A random
sample inclusive of all positive tests was reviewed to investigate geodemographic differences among
patients testing positive versus negative. Statistical comparisons used chi-squared or 2-sample
t-tests; stepwise regression followed by binary logistic regression was used for multivariable analysis.
Positive cases identified by LUAT were mapped to locate hotspots; positive cases versus total tests
performed also were mapped by zip code.
Results 	
Of all LUAT performed (n=21,599), 0.68% were positive. Among those in the random sample
(n=11,652), positive cases by LUAT were more prevalent in the June–November time period (86.2%)
and younger patients (59.4 vs 67.7 years) and were disproportionately male (70.3% vs 29.7%)
(P<0.0001 for each). Cumulative incidence was higher among nonwhite race/ethnicity (1.91% vs
1.01%, P<0.0001) but did not remain significant on multivariable analysis. Overall, 5507 tests were
performed in Milwaukee County zip codes, yielding 82 positive cases by LUAT (60.7% of all positive
cases in the random sample). A potential small 2016 outbreak was identified.
Conclusions	Cumulative incidence of a positive LUAT was less than 1%. LUAT testing, if done in real time by
cooperative health systems, may complement public health detection of Legionella pneumonia
outbreaks. (J Patient Cent Res Rev. 2020;7:165-175.)
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T

pneumophila serogroup 1 was the cause of the 1976
Philadelphia outbreak of Legionella pneumonia
(ie, Legionnaires’ disease) as well as the cause of
approximately 84% of cases worldwide.1,3,4
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All Legionella species have been detected in natural
aqueous environments, including river systems,
hot springs, and moist soils.1-3,5-12 As a facultative
intracellular parasite of free-living amoeba, Legionella
also exists within biofilms, which can be disrupted,
leading to bacterial aerosolization followed by

he genus Legionella consists of 60 species and
3 subspecies.1,2 All Legionella species are gramnegative bacteria, most of which are considered
pathogenic for humans.1,2 Legionella pneumophila
contains 16 different serogroups. Of these, Legionella
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inhalation and infection.1,5,8,11 Importantly, Legionella
has been associated with built environmental features,
such as cooling towers and potable water, as well as
household, medical, and business sources, including
hot water heaters, showers, mist and ice machines, and
decorative fountains.4,9-11,13-23 In addition, Legionella
has been found in mobile equipment such as street
cleaners and cruise ships.9,10,24-26
Following
inhalation,
Legionella
undergoes
phagocytosis by, and reproduction within, alveolar
macrophages.1,8,11 This process kills the macrophages
and continues until the immune system initiates a
severe inflammatory response.1 After 2–10 days
of incubation, the host will typically show signs
of pneumonia, including fever, cough, and chest
pain.1,2,8,9 Patients with chronic obstructive pulmonary
disease, a history of smoking for 10 years or more,
use of immunosuppressant drugs, a high prevalence of
comorbid conditions, or who are more than 50 years
old are at increased risk of developing Legionella
pneumonia.2,7,9,27,28
The incidence of Legionella pneumonia in the
United States has increased since 1976 and, more
recently, by 192% (from 3.9 cases/million-persons
in 2000 to 11.5 cases/million-persons in 2009).2,9,29
The increase in reported incidence rates may be
due to increased awareness and diagnostic testing.
Legionella pneumonia is classified as communityacquired,
travel-related,
or
nosocomial.30,31
Identification of Legionella pneumonia disease
incidence and prevalence is difficult due to reliance
on “a passive surveillance system dependent on
health care providers and laboratories actually testing
for and reporting cases.”29 In the United States, from
2005 to 2009, only 24% of domestic Legionella
pneumonia cases were considered travel-related,29
suggesting that home addresses or zip codes may be
potentially useful in identifying regional “hotspots”
of Legionella pneumonia infection on an occurrence
or recurrence basis.
Legionella urine antigen testing (LUAT) is the most
commonly used diagnostic test for identification
of Legionella pneumonia.9,32,33 A positive test is
diagnostic for Legionella pneumonia.34 LUAT is
generally specific for Legionella pneumophila
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serogroup 1, the most common serogroup to cause
pneumonia, although cross-reactivity with other
Legionella serogroups exists. LUAT has 70%–80%
sensitivity and up to 99% specificity for Legionella
pneumonia; sensitivity may exceed 95% for Legionella
pneumophila serogroup 1 infection, specifically.29,33-36
In order to presumptively link a particular source to a
patient, a similar positive Legionella culture or PCR
would need to be obtained from the source and the
patient. Despite variable sensitivity, epidemiologic
surveillance utilizing LUAT is being used in parts
of the United States. In New York City, case reports
predominately based on LUAT, as well as linked
home and work zip codes, are utilized to identify
Legionella outbreaks and possible environmental
sources of infection.31
Spatial data is continuously increasing in value
for infectious disease surveillance and outbreak
recognition.37 Despite the limitations of only including
patients who have sought care within a particular
health care system,37 large integrated medical systems’
electronic medical record (EMR) data may be a
source of discovery of occult disease epidemics. For
example, our recent report on investigating the use of
Blastomyces antigen for the diagnosis of blastomycosis
revealed disease outbreak data complementary to
health department data.38
There is limited literature regarding the epidemiology
of Legionella pneumonia infections in Wisconsin.
Most notable are outbreak reports in the state,
including one linked to a decorative hospital fountain22
and one linked to multiple sources in Milwaukee.32,39
A recent report from the Centers for Disease Control
and Prevention (CDC) identified 78% of Wisconsin
Legionella pneumonia cases to be located within
Milwaukee alone.39 Consequently, we investigated the
cumulative incidence and geodemographic distribution
of positive cases by LUAT within a large integrated
health care system serving eastern Wisconsin, with
emphasis on urban Milwaukee County. Moreover,
this study was conducted in order to determine the
feasibility of using large health system data to enhance
public health surveillance and source identification,
leading to targeted clinician, patient, and public
education on a geographic basis.
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METHODS

Study Population, Design, Data Sources
This study included inpatients and outpatients of all
ages, genders, and ethnicities in a large integrated health
care system who had LUAT (by enzyme immunoassay)
performed from January 1, 2013, through December 31,
2017. This health system (15 hospitals and 159 outpatient
clinics) spans eastern Wisconsin and part of northeastern
Illinois. LUAT results on specimens were obtained from
our affiliated laboratory system and further reviewed
through the EMR for missing or additional variables of
interest. If available, home address, work address, and
employment information (missing from most subjects)
was collected from individuals with positive LUAT.
Overall, 21,599 LUAT results were initially identified.
If a patient tested positive more than once, only the
encounter in which they had their first positive test was
included in the analyses. For all other patients, only
the encounter in which they had their first negative test
was included. Given data saturation, a random sample
of subjects with negative LUAT were examined until
analysis revealed that more than 90% of all Milwaukee
County zip codes were represented by more than 50
subjects (>60% were represented by >100 subjects;
median number of subjects per zip code was 152).
This reduced the total number of examined subjects,
including all with positive LUAT and the random sample
of those with negative LUAT, to 11,652. Positive and
negative cases by LUAT were compared to determine
associations of positive cases regarding the following
variables: age, gender, race/ethnicity, year and month of
LUAT, and home zip code at time of LUAT.
Comparison of Health System Demographics
to U.S. Census Data
To allow the reader to compare the demographic
makeup of the health system investigated in this study
to those of all individuals in the catchment area (412
total zip codes), several comparisons were made.
U.S. Census data was obtained from the American
Community Survey 5-Year Summary Data for 2017 for
the zip code tabulation areas that comprised the health
system catchment area. Included were counts of that
population by race/ethnicity for all ages and counts by
age/gender category. Using the health system patient
database, patient zip codes as of January 1, 2018, were
used to determine whether the patient lived within the
catchment area at that time. Catchment area health
Original Research

system data on race/ethnicity for all ages, and age/
gender data for adult age groups (only 4 of 11,652
study subjects were less than 18 years old), were
similarly compared to the Census data.
Statistical Analysis
Basic descriptive, and summary statistics were calculated
using Minitab® statistical software (Version 13, State
College, PA). Categorical and continuous variables were
analyzed using chi-squared tests and 2-sample t-tests
(assuming normal distribution), respectively (MannWhitney test for median age). Stepwise regression (for
significantly associated predictors) followed by binary
logistic regression was used for multivariable analysis
to determine odds ratios (an appropriate statistic for this
type of retrospective analysis40). P-values less than 0.05
were deemed significant.
Geographic patterns were mapped using GIS mapping
software (ArcGIS Desktop 10.6, Esri, Redlands, CA)
and SAS statistical software (Version 9.4, SAS Institute
Inc, Cary, NC). Positive cases by LUAT with zip codes
within Wisconsin were mapped to locate hotspots
specifically within Milwaukee County, which consists
of 35 zip codes as identified in the Milwaukee Health
Report.41 We also examined the proportion of positive
LUAT among all tests by zip code and, for Milwaukee
County, by a 5-tiered socioeconomic status (SES) zip
code grouping based on the combination of an income
index and an education index as used by the Center for
Urban Population Health (Milwaukee, WI).41

RESULTS

Of all LUAT results identified in the original data set of
the affiliated laboratory, 146 (0.68%) were positive. On
further chart review of the random sample inclusive of
all positive tests, we identified a total of 142 individuals
with positive tests, as there was no data available for
4 individuals. Additionally, 4 patients had more than 1
positive test, leaving a total of 138 individuals found
positive by LUAT in the final analyzed data set, 3 of
whom had zip codes outside of Wisconsin.
The study population is outlined in Table 1. Overall,
patients of nonwhite race/ethnicity were significantly
younger than white patients in our study sample (57.0
vs 70.0 years; P<0.0001). Among those in the random
sample (n=11,652), positive cases by LUAT were younger
(59.4 vs 67.7 years) and disproportionately male (70.3%
www.aurora.org/jpcrr
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Table 1. Patient Geodemographic Predictors Associated With Negative vs Positive LUAT

Predictor

Overall
(n=11,652)

Negative
LUAT
(n=11,514)

Positive
LUAT
(n=138)

Univariable P
(Positives vs
Negatives)

Multivariable P
(Positives vs
Negatives)

Multivariable
Odds Ratio
(95% CI)

Race/Ethnicitya
White, % (n)
Black, % (n)
AN/AI, % (n)
Asian, % (n)
Hispanic, % (n)
2 or more, % (n)
PI/Hawaiian, % (n)

81.4 (9384)
12.3 (1415)
0.4 (47)
0.9 (103)
4.9 (562)
0.1 (13)
0.03 (4)

81.5 (9289)
12.1 (1381)
0.4 (47)
0.9 (103)
4.9 (555)
0.1 (13)
0.04 (4)

69.9 (95)
25.0 (34)
--5.2 (7)
---

reference
<0.0001

reference
0.019

reference
1.67 (1.09–2.56)

0.751

0.866

0.93 (0.42–2.06)

White vs nonwhitea
White, % (n)
Nonwhite, % (n)

81.4 (9384)
18.6 (2144)

81.5 (9289)
18.5 (2103)

69.9 (95)
30.2 (41)

<0.0001

0.123

1.37 (0.92–2.04)

Gender
Male, % (n)
Female, % (n)

48.9 (5700)
51.1 (5952)

48.7 (5603)
51.3 (5911)

70.3 (97)
29.7 (41)

<0.0001

<0.0001

2.38 (1.64–3.45)

Mean age when tested, years

67.6

67.7

59.4

<0.0001

<0.0001

0.98 (0.97–0.99)

Median age when tested, years

69.0

69.0

59.0

<0.0001

Year
2013, % (n)
2014, % (n)
2015, % (n)
2016, % (n)
2017, % (n)

20.9 (2438)
20.0 (2335)
20.0 (2332)
18.9 (2201)
20.1 (2346)

20.8 (2392)
20.1 (2319)
20.1 (2310)
18.9 (2179)
20.1 (2314)

33.3 (46)
11.6 (16)
15.9 (22)
15.9 (22)
23.2 (32)

0.0007

reference
0.001
0.035
0.049
0.286

reference
0.38 (0.21–0.68)
0.57 (0.34–0.96)
0.59 (0.35–1.00)
0.78 (0.49–1.24)

Time of year
January, % (n)
February, % (n)
March, % (n)
April, % (n)
May, % (n)
June, % (n)
July, % (n)
August, % (n)
September, % (n)
October, % (n)
November, % (n)
December, % (n)

10.5 (1228)
8.1 (944)
10.2 (1184)
8.7 (1015)
7.9 (922)
7.0 (819)
7.2 (837)
7.3 (853)
7.7 (900)
7.9 (919)
7.9 (919)
9.5 (1112)

10.6 (1225)
8.2 (944)
10.3 (1182)
8.8 (1014)
8.0 (917)
7.0 (808)
7.0 (806)
7.2 (827)
7.6 (877)
7.9 (905)
7.9 (905)
9.6 (1104)

2.2 (3)
-1.5 (2)
0.7 (1)
3.6 (5)
8.0 (11)
22.5 (31)
18.8 (26)
16.7 (23)
10.1 (14)
10.1 (14)
5.8 (8)

<0.0001

reference
0.996
0.677
0.430
0.287
0.020
0.001
0.001
0.001
0.006
0.007
0.126

reference
N/A
0.68 (0.11–4.10)
0.40 (0.04–3.87)
2.18 (0.52–9.17)
4.66 (1.28–17.04)
14.13 (4.29–46.56)
11.33 (3.41–37.64)
10.24 (3.06–34.28)
5.76 (1.65–20.14)
5.58 (1.59–19.52)
2.83 (0.75–10.70)

AN/AI, Alaskan Native/American Indian; LUAT, Legionella urine antigen test; N/A, not available; PI, Pacific Islander.
a

Race/Ethnicity was unknown for 124 subjects.

vs 29.7% female); P<0.0001 for both. The proportion
of positive cases by LUAT was higher among nonwhite
race/ethnicity (1.91% vs 1.01%; P<0.0001). Nonwhite
race/ethnicity, however, did not remain significant in
multivariable analysis of all subjects (Table 1).
168 JPCRR • Volume 7, Issue 2 • Spring 2020

Positive cases by LUAT were disproportionately
diagnosed within the year 2013 versus 2014–2017
(33.3% vs 20% expected; P=0.0007). During the
months of June–November there was an increase in
positive cases (86.2% vs 50.1% expected; P<0.0001),
Original Research

peaking in the months July–September (58.0% of
cases vs 25.2% expected). Gender, age, and year and
month of test remained significant predictors in the
final multivariable model (Table 1).

compared to the remainder of the study regions (54.1%
vs 45.9%, Table 2). The predicted portion of positive
cases (based on a proportionally even distribution of
cases) for 532XX was 39.6% (P=0.006). Positive cases
in and around Milwaukee County were further mapped
(Figure 1). Three zip codes were further explored
based on having 5 or more positive cases. The first
two of these zips consistently had a few positive cases
each year — one being a Milwaukee neighborhood (6
cases) and another where the cities of Milwaukee, West
Milwaukee, West Allis, and Greenfield intersected (10
cases). The third zip code identified was in West Allis,
with a temporospatial cluster of all 5 positive cases in
2016. This may represent a small outbreak.

In models for the random sample of which only
Wisconsin zip codes wherein 100 or more patients were
tested, nonwhite race/ethnicity did not remain significant
in multivariable analysis, which included age and gender,
with or without year and month of test, and 3-digit zip
code group (eg, 532XX) — all the variables that were
found positively associated in univariable analysis.

Geographically, most tests were performed in the
southeastern region of Wisconsin, specifically within
July 11,
2019 1 of positive LUAT results to all LUAT tests
Milwaukee County. Among zip code group 532XX,10:36 Thursday,
The
ratio
10:36 Thursday, July 11, 2019 1
which includes the city of Milwaukee and surrounding
within a given zip code was mapped (Figure 2).
cities, there was a higher cumulative incidence by LUAT
Overall, within Milwaukee County, there were 4 zip
codes in which 4% or more of the 32–107 patients
tested had a positive test.
10:36 Thursday, July 11, 2019

1

Based on the updated Milwaukee Health Report
SES breakdown,41 of the 5507 LUAT performed in
Milwaukee County zip codes, 82 cases tested positive
for Legionella. Of the positive tests, 3.7% were from a
high SES zip, 14.6% from medium-high, 23.2% from
medium, 32.9% from medium-low, and 25.6% from a
low SES zip. When compared to expected positive test
distribution — 8.2%, 20.5%, 29.0%, 21.7%, and 20.6%,
respectively — the observed positive test distribution
was significantly different (P=0.038, Table 3).

Number
of Cases
of Cases
Number
Number of Cases

0

0

0

1

1

2

1 2

4

6

5 4

43

23
3

5

6

Figure 1. Map of positive Legionella urine antigen
tests (after duplicate tests removed), by zip code, in
Milwaukee County, Wisconsin, 2013–2017.
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5
10

Regarding the generalizability of our results, Table
4 compares the known race/ethnicity of our health
system patients, by category, to the expected number
(and percentage of total), based on Census data for all
individuals in our catchment area (412 total zip codes).
As only 4 of our study subjects were children, we
were able and chose to compare subject age/gender,
by category, to the expected number/percentages
predicted by Census data, restricted to adults only. This
data is presented in Table 5. Note that all statistical
comparisons in Tables 4 and 5 are significant due, in
part, to
the extremely large sample sizes. Overall, for
6
10
adult patients, our health system included 1,905,632 of
3,341,806 (57.0%) of the total Census population for
the catchment area and was 53.0% female compared to
51.0% female in the Census population.
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Table 2. Positive Legionella Pneumonia Cases Each Year by Zip Code Group
Zip Code Group*

2013

2014

2015

2016

2017

Total

Total %

530XX (n=14)

5

4

4

2

3

18

13.3%

531XX (n=22)

15

0

8

2

5

30

22.2%

532XX (n=23)

23

11

7

13

19

73

54.1%

534XX (n=2)

0

1

0

0

2

3

2.2%

539XX (n=1)

0

0

0

1

0

1

0.7%

541XX (n=2)

1

0

1

1

0

3

2.2%

542XX (n=3)

0

0

0

2

1

3

2.2%

543XX (n=1)

0

0

0

0

1

1

0.7%

549XX (n=3)

1

0

1

0

1

3

2.2%

135

Total number
Total percentage

45

16

21

21

32

33.3%

11.9%

15.6%

15.6%

23.7%

*n reflects the number of zip codes within a designated zip code group.

Positive Results
4.00% or more
0 - 31
32 - 107
108 - 213
214 - 366

2.00 - 4.00%
0 - 31
32 - 107
108 - 213
214 - 366

Green Bay

1.00 - 2.00%
0 - 31
32 - 107
108 - 213
214 - 366
Madison

0.99% or less

Milwaukee

0 - 31
Kenosha

32 - 107
108 - 213
214 - 366
Aurora Service Area
County
ZCTA

�
0

30

60

120 Miles

Figure 2. Map of proportion of positive Legionella urine antigen test (LUAT) results among all LUAT tests within

a given zip code in eastern Wisconsin. Within each percentage group, the larger the circle, the more patients who
were tested in a given zip. The majority of tested patients resided in zip codes near the greater Milwaukee area.
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Table 3. Observed vs Expected Distribution of 82 LUAT-Positive Subjects per Zip Code SES Group,
Milwaukee County, Wisconsin

Total Tested
Subjects

Zip SES Status41

Observed Positive
Cases, n (%)

Expected Positive
Cases, n (%)

High

450

3 (3.7%)

6.7 (8.2%)

Medium-high

1126

12 (14.6%)

16.8 (20.5%)

Medium

1599

19 (23.2%)

23.8 (29.0%)

Medium-low

1197

27 (32.9%)

17.8 (21.7%)

Low

1135

21 (25.6%)

16.9 (20.6%)

TOTAL

5507

82 (100%)

82.0 (100%)

χ2(4 degrees of freedom): 10.133; P=0.038.
LUAT, Legionella urine antigen test; SES, socioeconomic status.

Table 4. Race/Ethnicity Comparisons: Health System Population vs Predicted According to U.S. Census Data
Predictor

Health System Population
(n=2,057,014)

Predicted
(n=2,057,014)

76.8% (1,580,183)
11.7% (240,975)
0.4% (9084)
2.3% (47,602)
7.9% (163,125)
0.7% (13,885)
0.1% (2160)

73.2% (1,505,734)
8.2% (168,264)
0.5% (10,285)
3.3% (67,264)
11.1% (228,946)
3.7% (76,110)
0.02% (411)

Race/Ethnicity
White, % (n)
Black, % (n)
Alaskan Native/American Indian, % (n)
Asian, % (n)
Hispanic, % (n)
2 or more, % (n)
Pacific Islander/Hawaiian, % (n)
White vs nonwhitea
White, % (n)
Nonwhite, % (n)
a

P
<0.0001

a

<0.0001
76.8% (1,580,183)

73.2% (1,505,734)

23.2% (476,831)

26.8% (551,280)

All ages included; unknown race/ethnicity was omitted.

DISCUSSION

As evidenced by a recent Legionella pneumonia
outbreak in Flint, Michigan,23 the leading types of
infection from drinking water in the United States
have shifted from gastrointestinal to respiratory.18
Annually, waterborne diseases cost approximately $1
billion, with Legionella being the most expensive due
to long length of hospital stay.19 Prompt diagnosis of
legionellosis using LUAT and other modalities may
limit patient morbidity, mortality, and cost.9,10
In our integrated health system, LUAT appears to be
commonly used as means of legionellosis identification
(an average of 4320 tests per year in a health system
with 30,000 billed diagnoses of all pneumonia types

Original Research

each year). Overall, less than 1% tested positive,
indicative of the relative infrequency of this potentially
life-threatening disease. This is considering an overall
sensitivity of LUAT in detecting Legionella pneumonia
of ≤80%, due in part to only detecting Legionella
pneumophila serogroup 1.29,33,35
Our study revealed positive cases by LUAT to be
disproportionately male and of nonwhite race/
ethnicity, which reinforces and is consistent with
current literature.2,9,13,29,42,43 However, we identified
positive cases by LUAT to be relatively younger
(59.4 vs 67.7 years), which differs from previous
studies.2,9,27 This may be due to our study sample
including significant numbers of elderly, debilitated
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Table 5. Adult Age/Gender Category Comparisons: Health System Population vs Predicted According to U.S.
Census Data

Category (Gender/Age Group)

Health System Population

Predicted

18–29 years, % (n)

19.5% (196,461)

19.2% (194,213)

30–39 years, % (n)

16.9% (170,771)

16.0% (161,390)

40–49 years, % (n)

14.5% (146,239)

16.6% (167,752)

50–59 years, % (n)

16.6% (167,907)

19.1% (193,506)

60–69 years, % (n)

14.0% (141,675)

14.6% (146,948)

70–79 years, % (n)

8.7% (87,365)

8.1% (82,210)

≥80 years, % (n)

9.9% (99,531)

6.3% (63,930)

18–29 years, % (n)

19.7% (175,726)

21.2% (189,841)

30–39 years, % (n)

17.3% (154,415)

16.7% (148,976)

40–49 years, % (n)

15.3% (137,079)

17.1% (153,536)

50–59 years, % (n)

17.4% (155,819)

19.5% (174,640)

60–69 years, % (n)

14.7% (130,990)

14.4% (129,124)

70–79 years, % (n)

8.3% (74,315)

7.1% (63,131)

7.4%% (65,868)

3.9% (34,964)

Female (n=1,009,949)

Male (n=894,212)a

≥80 years, % (n)
a

P
<0.0001

a

<0.0001

Unknown age/gender subjects omitted.

patients with various pneumonia symptoms having a
panel of organism-specific diagnostic tests done upon
hospital admittance that might otherwise not be needed
(ie, overtesting of elderly population). A contributing
factor to our hypothesis is the recommendation of
the American Thoracic Society and the Infectious
Diseases Society of America that LUAT be performed
for patients that do not respond to antibiotic therapy,
have severe pneumonia with intensive care, are
immunocompromised, have a history of excessive
alcohol use, have traveled within the past 2 weeks,
or are older than 50 years of age.2 Additionally, in
our study, the increased proportion of Legionella
pneumonia cases in those of nonwhite race/ethnicity
appeared to be confounded by the relatively younger
age of the nonwhite population tested.
Our study also revealed that positive cases by LUAT
disproportionately occurred within the year 2013, for
unknown reasons. Whether the extreme heat events
in the summer of 2012 or other weather factors
contributed to this finding is not clear from our study.
Additional research is needed on the effects of heat
and humidity on Legionella ecology and infection in
Wisconsin.44,45 Pathogen survival is correlated with
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warm (15°C to 27°C) and humid (≥80.0%) months,
with previous associations of infection with both
precipitation and increased humidity.12,46,47 Local
seasonal fluctuations, even of a stable climate, may
be a factor in the temporal variation of Legionella
pneumonia incidence rates if within a humid
environment as opposed to dry.9 In our study, most
positive cases were identified in the months of June–
November, which is consistent with previous reports
describing seasonality, specifically within summer
to autumn, as a major epidemiologic factor within
the Mid-Atlantic United States, England, Wales, and
the Netherlands.9,12,47 According to the CDC, 62%
of Legionella pneumonia cases within the United
States from 2000 to 2009 occurred during the months
of June–October.29 Our study further reinforces this
seasonality pattern. However, it may become a less
apparent factor with increased age (>65 years).47
We have identified a correlation between SES of a
particular zip-coded region and positive findings of
Legionella pneumonia infection. Within Milwaukee
County, the majority of positive cases by LUAT came
from patients of medium-low to low SES. High levels
of poverty have been found to increase one’s risk for
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Legionella.43 Unlike other pneumonias, Legionella is,
in part, an opportunistic premise plumbing pathogen
(OPPP), which is disinfectant-resistant.16 Some 30%
of the human population may be exposed to OPPPs
through shared habitats (ie, showers, dishwashers),15,16
as well as vacant housing, renter-occupied housing,
and homes built pre-1970.16,43 The inability to renew
these old water systems perhaps contributes to
outbreaks within areas of lower SES.8 The presence
of nearby industrial structures, large buildings with
cooling towers, or other sources of potable water
should be investigated as potential causes of increased
Legionella pneumonia cases within lower SES
neighborhoods.21 Air pollutants within the ozone layer
have been associated with higher temperatures and may
contribute to the increased vulnerability to heat within
highly populated areas.4,45 This could be an additional
contributing factor to the increased proportion of
positive cases within Milwaukee County.
Currently, positive Legionella pneumonia cases are
reported to the CDC through the National Notifiable
Disease Surveillance System and a Supplemental
Legionnaires Disease Surveillance System. The CDC
has investigated Legionella pneumonia cases as a means
of enhancing general public health surveillance and
suggests targeted clinician and patient education on a
geographic basis.39 Our study illustrates the benefits of
using large health care system data to identify potential
Legionella pneumonia outbreaks or hotspots through
real-time EMR abstraction and health department
follow-up,32 a structure similar to that implemented by
New York City’s health department.31,37
Limitations
There are several limitations of our study, including
the potential for ecologic inference fallacy (deducing
inferences about individuals based on inferences
regarding the group that includes those individuals).
As this is retrospective data, the information within
each individual patient’s chart was dependent on the
accuracy and detail in which the information was
entered. Limitations in data collection for positive cases
included incomplete occupational details at time of
diagnosis. Final diagnoses were not known for LUATnegative subjects. Underlying medical conditions and
extent of additional testing were not captured for study
subjects, and this limits interpretation of demographic

Original Research

factors that increase the likelihood of positive LUAT.
Additionally, due to lack of follow-up questioning
associated with positive LUAT, there can be no
individual postulated sites of exposure.
Moreover, there is a lack of social and travel history
for patients.9,17,48-50 The identification of a source
of exposure within built environments was limited
by the possibility of mobile sources such as street
sweepers, vehicle cooling units, and asphalt paving
machines.10,25,26 Our study was limited because
highly immunosuppressed patients may not produce
the substrate for which LUAT tests,2 and we did not
capture whether patients were immunocompromised
and if there were differences in detection among those
testing positive or negative. LUAT-positive subjects in
this study presumably represented the <5% of persons
who were exposed to the Legionella organisms in the
environment.34 Thus, surveillance based on such data
may miss many potential environmental sources.
Lastly, while our data was obtained from a large
multihospital health system (a potential strength),
and included negative as well as positive LUAT data,
it represents a single health system within a single
geographic region, not from a broad, comprehensive
community survey. This could have limited both
generalizability and identification of case clusters,
although our study identified clusters within Milwaukee
County. Even so, our health system represents the
majority of persons residing in our catchment area,
based on Census comparison data, supporting the
representativeness of our sample. Our study sample
was generally similar in median age (69 vs 68 years)
and sex (48.9% vs 46.2% male) but lower in proportion
of black race (12.3% vs 19.8%), as compared to a
recent large university study of patients hospitalized
with pneumonia.51 Perhaps with communitywide
data, including from other health systems, and/or an
even greater population density, we might recognize
“rolling epidemics” of legionellosis in Milwaukee
County similar to that described for the cities of New
York and Sydney.14 Obviously, this would require
resources for cooperative health system laboratories
and information technology departments to develop
processes for monitoring and reporting of continuous
readouts of LUAT results.

www.aurora.org/jpcrr

173

CONCLUSIONS

The general demographic and seasonal features of
patients with positive LUAT in this large eastern
Wisconsin health system were similar to those
reported in the literature. A correlation between
positive LUAT and lower SES was identified; thus,
focused study on built environments near clustered
cases in these areas may reveal additional sources
of infection. We hope that our report might prompt
a formal investigation of the utility of combined
health department and EMR surveillance. LUAT
surveillance of cooperating health system electronic
medical records, if done in real time, may complement
public health detection of Legionella pneumonia
outbreaks and high-risk areas.

Patient-Friendly Recap
• The bacterium Legionella pneumophila is the
major cause of Legionnaires’ disease (a type
of pneumonia). This disease can be diagnosed
from a urine test that detects Legionella
antigens (LUAT).
• The authors found that 0.68% of the LUATs
performed in their health system over the
study period tested positive. Average age of
positive cases (~60 years) was younger than
that of negative (ie, other pneumonia) cases.
• A small unrecognized outbreak may have
occurred during the time of the study.
• If surveilled in real time using electronic
records, patient data and interview after a
positive LUAT result could aid public health
efforts to identify where in the environment
these infections come from.
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